In this issue of Neuron, Fang et al. (2018) identified a neural circuit that connects the medial preoptic area to the ventral tegmental area as a critical pathway for pup retrieval in female mice.
Rodents exhibit stereotypic parental behaviors including nest building, retrieving, grooming, and huddling with infants (Kohl et al., 2017) . These parental behaviors are highly sexually dimorphic in mice: females undertake most of the responsibility of parenting while males play much less of a role in caring for the offspring and can even show aggression toward the pups. Considerable efforts have been made to dissect the neural circuits of parental behaviors in lab rodents Kohl et al., 2017) . Multiple sensory systems are known to be engaged as adults detect and integrate pup-specific cues. The information is then transmitted to several midbrain nuclei to drive proper motor sequences. Consistent with the sexual dimorphism at the behavioral level, these circuits differ between the sexes at both the anatomical and molecular levels Yang and Shah, 2014; Kohl et al., 2017) .
The medial preoptic area (MPOA), a small anterior hypothalamic nucleus near the third ventricle and the medial part of a larger preoptic area (POA) structure, has long been considered as a central node for the positive control of parenting, and previous studies have shown that several types of MPOA neurons, including Galanin-expressing neurons and the recently reported estrogen receptor a (Esr1)-expressing neurons, play key roles in controlling maternal behaviors Wei et al., 2018) . However, the neurons in the MPOA exhibit highly heterogeneous molecular expression profiles and send projections to multiple downstream areas. The exact circuit mechanisms through which MPOA neurons control particular aspects of maternal behaviors remain elusive. In this issue of Neuron, Fang et al. (2018) identified a projection from the MPOA to the ventral tegmental area (VTA) that is indispensable for pup retrieval-a stereotypic maternal parenting behavior ( Figure 1 ).
The authors focused on one population of MPOA neurons that expresses Esr1. It is well established that parental behaviors are regulated by hormone levels, with lactating female mice displaying more intense maternal behaviors than virgin females. Virgin male mice are typically aggressive toward pups, while this pupdirected aggression is suppressed during reproduction. Given the conspicuously high expression level of Esr1 in the MPOA, Fang et al. (2018) hypothesized that these Esr1 + neurons in MPOA might be critical for maternal behaviors.
To test this, Fang et al. (2018) used transgenic mice to selectively manipulate Esr1 + neurons in the MPOA. When remotely presented with pups, female mice usually approach the pups in seconds and retrieve the pups to their nest. In both lactating and virgin female mice, chemogenetic inhibition of MPOA Esr1 + neurons severely impaired pup retrieval: inhibited females took longer paths to find the pups and failed to retrieve the pups in most of the trials. This deficit was highly selective: only pup retrieval was affected while other maternal behaviors like crouching and grooming remained intact.
They next tested whether the activation of MPOA Esr1 + neurons can drive pup retrieval and found that optogenetic activation of these neurons did indeed promote pup retrieval-female mice were mobilized and approached the pups more actively, with retrieval rates that were significantly higher compared to the control group. Moreover, if the light illumination was turned off just before female mice encountered the pups, the success rate dropped to a dramatically lower level as compared with the rates from trials in which the illumination was stopped after the encounter. Fang et al. (2018) identified the VTA as a potential downstream target that mediates the effect of MPOA Esr1 + neurons in promoting pup retrieval. Since the dopamine neurons in the VTA are critically involved in motivated behaviors, this pathway might be essential for transforming sensory cues to internal motivational drives. Having first confirmed that VTA dopamine neurons are transiently activated during pup retrieval using fiber photometry, the authors next used a dual-virus strategy and showed that VTA-projecting MPOA Esr1 + neurons also increase neuronal activity during pup retrieval. Consistent with the recording data, optogenetic activation of the axon terminals of MPOA Esr1 + neurons in the VTA promoted pup retrieval. When the neuronal firing activity in the VTA was blocked pharmacologically, the activation of MPOA Esr1 + neurons no longer drove pup retrieval, demonstrating that an MPOA-to-VTA pathway is indispensable for pup retrieval. Immunostaining and slice recording showed that MPOA Esr1 + neurons form monosynaptic connections with both dopamine and non-dopamine neurons in the VTA, where they preferably inhibit non-dopamine neurons, suggesting the action of a disinhibition mechanism through which MPOA Esr1 + neurons excite VTA dopamine neurons. This elegant study by Fang et al. (2018) delineates a pathway underlying a fascinating and fundamental form of social behavior. Given its central position in the circuits, MPOA functions as a relay between the sensory system and the motivational system to ensure the proper execution of social behaviors. This study opens the door to further understanding of how incoming sensory information is processed in the MPOA and for elucidating how this processed information is subsequently transmitted to, and integrated in, the downstream midbrain areas that drive social behaviors.
Notably, a recent published study by Wei et al. (2018) reported some similar findings regarding a role for MPOA Esr1 + neurons in maternal behaviors (Wei et al., 2018 (Song et al., 2016) , prey chasing (Park et al., 2018) , and sleep (Chung et al., 2017) , it will be very interesting to determine whether MPOA Esr1 + neurons are involved in these behaviors. Beyond pup retrieval, the neural circuits responsible for other parental behaviors also remain to be identified. As the second and third authors of this Preview can assure the first author, parenting requires huge efforts. In addition to feeding and diaper changing, educating children and ensuring their safety requires constant attention. At the same time, parenthood can be very rewarding. Nothing is more satisfying than seeing your children growing up strong and healthy. Parental care promotes the survival and wellbeing of the offspring of many species, and many animals devote a considerable amount of time and resources to parenting. The work by Fang et al. (2018) in this issue of Neuron sheds light on the neural circuitry involved in complex and critically important behaviors required for care of offspring, providing insight into what drives animals to be attentive parents. The neural code of cortical processing remains uncracked; however, it must necessarily rely on faithful signal propagation between cortical areas. In this issue of Neuron, Joglekar et al. (2018) show that strong inter-areal excitation balanced by local inhibition can enable reliable signal propagation in data-constrained network models of macaque cortex.
Sensory stimuli are typically processed in local specialized circuits (Jiang et al., 2015) , and relevant information is then transmitted to other (sometimes distant) brain areas. In modeling studies, simple propagation of specific signals has been used successfully as a proxy of such processing, demonstrating that synchronous and asynchronous action potentials (spikes) can be transmitted along layered networks of neurons (Kumar et al., 2010) . These models are typically not constrained by biologically plausible architectures, lacking lateral or feedback connectivity, and they often contain purely excitatory connections. Although such models capture some fundamental neuroanatomy of cortex (particularly for sensory systems), signals can become corrupted along their path of propagation and are limited in their transmission capacity of spatiotemporally complex signals. How signal propagation is affected by biologically realistic, heterogeneous inter-and intra-areal connectivity (Markov et al., 2014) with diverse neuron types remains unclear.
In this issue of Neuron, Joglekar et al. (2018) show that reliable signal transmission can occur in large-scale recurrent network models of macaque cortex. They use recently available connectivity data (Markov et al., 2014) in which, interestingly, approximately half of the total number of inter-areal cortical connections are feedback. To prevent runaway excitatory activity in this strongly recurrent network, Joglekar et al. (2018) introduce inhibitory neurons in each cortical area that specifically stabilize neuronal activity by ''tightly'' balancing excitatory inputs (see Figure 2 in Hennequin et al., 2017) . Such balanced networks are stable during spontaneous activity, but they react quickly and with large firing rates to particular momentary perturbations. This phenomenon, called ''balanced amplification' ' (Murphy and Miller, 2009) , occurs when an external input suddenly disrupts inhibitory tracking of excitatory activity. The thus liberated excitatory feedback loops then produce fast transients before inhibition eventually quenches the network activity. In their large-scale cortical model, Joglekar et al. (2018) find that such an amplification mechanism enables signals to propagate between cortical areas for a wide range of (inhibition-balanced) inter-areal coupling strengths, and network inputs do not cause unstable activity as would be the case without any inhibition. Moreover, the mechanism allows stable (yet more attenuated) propagation when the network does not feature the experimentally observed feedback connections.
In line with experimental and theoretical studies, Joglekar et al. (2018) find that a sudden and temporary increase in firing rate introduced to an area at the bottom of the cortical hierarchy (such as V1) can trigger different levels of activity across cortex-reminiscent of different stages of conscious processing. Such patterned activation across multiple regions-in particular, reaching parietofrontal areas-is commonly referred to as ''global ignition '' (Dehaene and Changeux, 2005) . In their model, Joglekar et al. (2018) show that low-level input into V1 causes increased activity in the occipital lobe compared to other areassimilar to subliminal processing (Dehaene et al., 2006) . When increasing the input strength, activity suddenly spreads to the temporal lobe and areas involved in sensory-motor processing as suggested
